
An innovative way to manage irrigation using cheap and simple 

wetting front detectors 

By 


Tshepo Chriswell Maeko 


SUBMITTED IN PARTIAL FULFILMENT OF THE 


REQUIREMENTS FOR THE DEGREE MSc (Agric) AGRONOMY 


DEPARTMENT OF PLANT PRODUCTION AND SOIL SCIENCE 


In the 


FACULTY OF NATURAL AND AGRICULTURAL SCIENCES 


UNIVERSITY OF PRETORIA 


PRETORIA 


Supervisor Prof. J.G. Annandale 


Co-Supervisors Prof. R.J. Stirzaker, Dr. J.M. Steyn and 


Dr. N.l. Jovanovic 


May, 2003 


I 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© University of Pretoria 



ACKNOWLEDGEMENTS 

I would like to send my heartfelt appreciation to; Prof. J.G. Annandale (Chief 

Supervisor), ·Prof. RJ. Stirzaker (Co-supervisor), Dr. J.M. Steyn (Co

supervisor), and Dr. N.Z. Jovanovic (Co-supervisor), for your guidance and 

support. 

To the other "Wetting Fronters": Mr N.S. Mpandeli (ARC-ISCW) and Mr . ..I.B. Stevens 

(Department of Agricultural Economics and Extension, UP) for your insight, and 

fellow research team members (you know yourselves) and friends, thanks for being 

there for me. To my loving parents, I just want to say thank you for the constant love. 

If it were not for your good upbringing, I would not have lived to achieve this. 

The technical staff at Hatfield Experimental farm for helping in setting-up the trial, and 

continual support there onwards. 

The Water Research Commission (WRC) for funding, and 'CSIRO, Australia for 

collaboration is also appreciated. 

GOD BLESS VALL 

• Refers to Co-supervisor Prof. Richard. J. Stirzaker, a researcher at CSIRO Division of Land and 

Water. 

 
 
 



CONTENTS 

ABSTRACT...... ....... ...... ................................................................. ............ .... ............ .. .. 5 


1 	 INTRODUCTION....................................... .. ............. .... .. ............. ........... 7 


2 	 LITERATURE REVIEW 

IRRIGATION SCHEDULING ...... .. ....... .. ....... .. ..... .. .... ..... ........ ............. 11 


2.1 	 The Soil Water Balance .............................................. .. ... .......... 11 


2.2 	 Practical Irrigation Scheduling Methods .......... ........... .............. 15 


2.2.1 	 Soil-Based Approaches ................................................. ......... 16 


2.2.2 	 Plant-Based Approaches ...................................... ... ............ ...... 20 


2.2.3 	 Atmospheric-Based Approaches ...... .. .......................... .. ........... 23 


2.2.4 	 Models-Based Approaches .................................... ..... ... .... ....... 26 


2.3 The Use Of Scheduling Aids At Farm Level. ............ ........ ..... ... 27 


3 THE WETTING FRONT DETECTOR ... ... .... ....... .... ............... ...... .... ... 32 


3.1 	 Introduction To The Wetting Front Detector. ....... .. ..... ... ... .. ....... 32 


3.2 	 How The Wetting Front Detector Works ... ...... .. ....... ............ ..... . 33 


3.3 	 How To Use A Wetting Front Detector ....................... ... .... ..... .. 35 


3.4 Depth Of Placement Of The Detector ..................................36 


4 EXPERIMENTAL MATERIALS AND IVIETHODS.............................. .41 


4.1 	 Experimental Background And General Layout. .............. ... ..... .41 


4.2 	 Experimental Procedures ............................................. ....... .. .. . .45 


4.2.1 	 Machingilana (MACH) Treatment 

(Feedback With A Mechanical WFD) .... ............. ........... ......... . .45 


4.2.2 	 Crop Factor (CF) Treatment 

(Using A Mechanical Detector To Modify A Crop Factor) ........ .46 


4.2.3 	 FullStop 1 (FS1) Treatment.. ... ....... ............. .. ...... ... ................. .47 


4.2.4 	 FuliStop 2 (FS2) Treatment. ..................................................... .48 


4.2 .5 	 Neutron Probe (NP) Treatment. .............................................. . .48 


2 


 
 
 



4.2.6 	 Soil Water Balance (SWB) model. ........... ...... ... ... ... .. .... ..... ...... .. 50 


4.3 OBSERVATIONS.......................... ... ........ ......... .. ... ...... ... .. ... .... . 50 


5 RESULTS AND DiSCUSSiONS ............ .. ........ .. .................. ............... 52 


5.1 	 January/February Lucerne Growth Cycle .................................52 


Overview.................. .. ... .................. ....... .................... ...... .......... 52 


5.1.1 	 FS1 Treatment.. ... ......... ... ... .... .... .... ... .. .. .................................... 55 


5.1.2 	 FS2 Treatment. ............................ ........ ...... .... ... .... ....... ...... ........ 59 


5.1.3 	 SWB model Treatment.. ................. .... .. ....... ........... ................... 61 


5.1.4 	 CONCLUSiONS.......... ........... ....... .. .... ............... .................. ... ..63 


5.2 	 March/April Lucerne Growth Cycle ..................... ........ ............... 64 


Overview... ... ........................ .. ... ..... .... .. ......................................64 


5.2.1 	 Machingilana Treatment.. ......................................................... 64 


5.2.2 	 CF Treatment. ........ .. ....... .... ............. ..... .................................. .. 70 


5.2.3 	 FS1 Treatment. ............ ......... .. .............. ........ .... ... ..... ............... .. 73 


5.2.4 	 FS2 Treatment.. ............. .... .... ...... ... ....................... .......... ..........75 


5.2.5 	 CONCLUSiONS....... ... ... .. .. .... ... ...................... .................... ...... 77 


5.3 	 April/May Lucerne Growth Cycle ........................ ... ............... ...78 


Overview................. ................ .. .. ................................ ............... 78 


5.3.1 	 Machingilana Treatment. ..........................................................82 


5.3.2 	 CF Treatment. ........ ..... ....... ..... ................. ... ... ..... .. ........ .. .. ........ 85 


5.3.3 	 FS1 Treatment. ........ .. ........ ....................... ...... ........ ...... ... .... ..... 87 


5.3.4 	 FS2 Treatment. ..... ....... ...................................... ....... .. .... .. ... ..... . 89 


5.3.5 	 SWB model Treatment.. ......................... ....... .... ....... ....... .......... 91 


5.3.6 CONCLUSiONS.... ..... .. .. .......................... ......... ... .... .... .... ......... 92 


6 GENERAL DISCUSSION AND CONCLUSiONS ... ... ...... ................93 


3 


 
 
 



6.1 General Discussions .... . ...... ................................................... 93 


6.2 CONCLUSiONS...................................................................... 103 


LIST OF FIGURES ................... ....... .............................................................. 108 


LIST OF TABLES ........................................... ............. .... .................. ............ 112 


LIST OF SYMBOLS AND ACRONYMS ...............................................114 


APPENDIX A .................................................. ..................... .......................... 117 


APPENDIX B .................................................................................................118 


APPENDIX C ................................................................................................119 


APPENDIX D ................................................................................................120 


REFERENCES..............................................................................................121 


4 


 
 
 



ABSTRACT 


The most common management problem associated with irrigated agriculture is 

knowing when to apply irrigation and how much of it is required. This is termed 

irrigation scheduling. Despite numerous techniques and tools developed by the 

scientific community to aid and improve irrigation scheduling, surveys have shown 

that farmers growing the same crops in the same region use different amounts of 

water. This is because of low adoption rates of available irrigation scheduling aids 

and/or their poor application for various reasons ranging from cost, accessibility and 

simplicity of the methods. So, as part of a WRC funded project on using Wetting 

Front Detectors, we seek a simple approach that can be used to better manage 

irrigation using wetting front detectors (WFD). This prototype WFD was developed in 

Australia , and was designed to be simple so that it can be understood and used by 

farmers at any level of training. There are two versions; one is electronic called a 

FullStop and the other is mechanical, called the Machingilana, a sePedi word for a 

watchman. The mode of operation of this WFD is based on the physical properties of 

water movement in the soil or a porous media. The tool give a 'Yes' or 'No' answer to 

whether the water has penetrated to a specific depth, and that's all the farmer needs 

to know to adjust his irrigation amount or interval according to a chosen algorithm. 

This experiment on wetting front detectors was undertaken at the University of 

Pretoria experimental station to: (I) Evaluate two different methods of using electronic 

wetting front detectors, (II) evaluate two different methods of using mechanical 

wetting front detectors, and (III) to compare the accuracy of the wetting front detector 

method against the neutron probe and a computer-based irrigation-scheduling 

model. 

Six treatments were evaluated. They were referred to as the Machingilana (MACH), 

crop factor (CF), FuliStop 1 (FS1), FuliStop 2 (FS2), neutron probe (NP) and Soil 

Water Balance model (SWB) treatment. The first four treatments used WFDs in 

different ways to manage irrigation. Lucerne (Medicago sativa , variety WL 525HQ) 

was chosen as experimental crop. The f\IP method was used as control treatment, 

given the acceptance and credibility this method has received from researchers. The 

aim was to use dry matter production per volume of water used as an indicator of 

treatment performance. However, it was later discovered that due to the extensive 

root system of lucerne, the crop could compensate for either under- or over-irrigation 

5 


 
 
 



and dry matter yield was not a good indicator of treatment performance. Statistical 

analysis of the dry matter yield data collected from three cycles revealed that the 

treatments were not significantly different at a 5% confidence level, although there 

was great variation in total amount of irrigation applied to each treatment per growth 

cycle. This is due to the fact that the crop was able to mine into deeper soil layers for 

water, although this strategy would not to be sustainable in the long run without extra 

irrigation applied. In the light of this, the trend in soil water deficit obtained with the 

neutron water meter for each treatment was used to evaluate the six treatments. 

The four treatments based on WFDs (Machingilana, FS1, FS2 and CF) performed 

comparatively well to the control and SWB model treatments. However, this is not 

without discrepancies in all the WFD treatments or the control and SWB model 

treatment, but the problems associated with each treatment's successes or failures 

have been outlined, and with follow-up research, those problems can be rectified. It is 

concluded that WFDs can be valuable, simple and affordable tools to better manage 

irrigation, provided appropriate guidelines for using them are applied. 
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